Introduction

18
The fundamental question that has motivated the Planetary Nebulae conference series is -how are likely to be episodic, and either change their directionality (i.e., axis wobbles or precesses) or have 27 multiple components operating in different directions (quasi)simultaneosly. These CFWs sculpt the 28 2 of 9 supernovae progenitors, and low and high-mass X-ray binaries. Understanding the formation of 37 aspherical PNe can help in addressing one of the biggest challenges for 21st century stellar astronomy -38 a comprehensive understanding of the impact of binary interactions on stellar evolution.
39
In this paper, I describe our observational techniques for searching for binarity ( 
Binarity in AGB Stars
47
Observational evidence of binarity in AGB stars is difficult to come by because AGB stars are 48 very luminous and variable, thus standard techniques for binary detection such as radial-velocity and 49 photometric variations due to a companion star cannot be used. However, one can exploit the favorable 50 secondary-to-primary photospheric flux contrast ratios reached in the UV for companions of spectral 51 type hotter than about G0 (T e f f =6000 K) and luminosity, L > ∼ 1L . Sahai et al. (2008 [4] ) (hereadfter 52 Setal08) first used this technique, employing GALEX ([5] ) to find emission from 9/21 objects in the 53 FUV (1344 − 1786 Å) and NUV (1771 − 2831 Å) bands. Since these objects (hereafter fuvAGB stars) 54 also showed significant UV variability, Setal08 concluded that the UV source was unlikely to be solely 55 a companion's photosphere, and was dominated by emission from variable accretion activity.
56
Accretion activity is likely to produce X-ray emission as well, as observed in young stellar objects 57 ([6]). A survey of archival XMM and ROSAT data found two AGB stars and the symbiotic star, Mira, 58 with X-ray emission ([7] ). A pilot survey for X-ray emission from a newly discovered class of AGB 59 stars with far-ultraviolet excesses (fuvAGB stars) using XMM-Newton and Chandra by Sahai et al. 60 (2015 [8] ) (hereafter Setal15) detected X-ray emission in 3/6 fuvAGB stars observed. The X-ray fluxes 61 were found to vary in a stochastic or quasi-periodic manner on roughly hour-long times-scales. These 62 data, together with previous and more recent studies [9] , show that X-ray emission is found only in 63 fuvAGB stars, with an FUV/NUV ratio > ∼ 0.17 (e.g., Table 1 ). There are two exceptions: RR UMi and 64 V Hya. RR UMi has a low FUV/NUV ratio and is an X-ray emitter -but unlike other fuvAGB stars, its 65 X-ray spectrum is dominated by a soft component, likely representing the expected coronal emission 66 from the main-sequence companion. This hypothesis is supported by the fact that in contrast to the 67 other X-ray detected objects, RR UMi also has very low FUV variability (as expected when accretion 68 activity is relatively weak). The non-detection of V Hya, which has a high FUV/NUV ratio, is likely 69 related to the fact that the companion is in an eccentric orbit, and the accretion rate, which is highly 70 variable, was probably low when the X-ray observations were done (2.5 yr after periastron passage)
71
[10].
72
From modeling the X-ray spectra, Setal15 find that the observed X-ray luminosities are (0.002 − 73 0.11) L , and the X-ray emitting plasma temperatures are ∼ (35 − 160) × 10 6 K. These high X-ray 74 temperatures argue against the emission arising directly in an accretion shock, unless it occurs on a 75 WD companion. However, none of the detected objects is a known WD-symbiotic star, suggesting that 76 if WD companions are present, they are relatively cool (< 20, 000 K). The high X-ray luminosities argue 77 against emission originating in the coronae of main-sequence companions. A likely origin of the X-ray 78 emission is that it arises in hot plasma confined by magnetic fields associated with a disk around a 79 binary companion. The plasma may be generated by an accretion shock on the disk that gives rise to argue that the most likely model for the X-ray emission from fuvAGB stars is that it arises at or near 84 the magnetospheric radius in a truncated disk, or the boundary layer between the disk and star. rate; the average value over this period is > 3.5 × 10 −4 M yr −1 .
160
The Boomerang Nebula, long understood as an "extreme" bipolar pre-planetary Nebula (PPN),
161
is the coldest known object in the Universe, with a massive high-speed outflow that has cooled 162 significantly below the cosmic background temperature (Sahai and Nyman (1997 [25] ). ALMA 163 observations confirmed this finding, and revealed unseen distant regions of this ultra-cold outflow
164
(UCO), out to > ∼ 120, 000 AU (Sahai et al. 2013 [26] determined, and these can be used to estimate the jet momentum, M j V j , and the accretion time-scale, 212 t acc , which in turn can constrain the class of binary interaction and associated accretion modes (e.g.,
213
Bondi-Hoyle-Lyttleton wind-accretion and wind Roche lobe overflow (wRLOF), via an innovative 214 analytical modelling approach described by Blackman and Lucchini (2014 [31] ) (hereafter BL14). In 215 BL14's approach, the intrinsic jet momentum is estimated from the observed fast outflow's momentum,
216
assuming that the interaction between the intrinsic jet outflow and the ambient circumstellar envelope 217 is momentum-conservating.
218
In Y Gem, Setal18 find UV lines with P-Cygni-type profiles from species such as Si IV and C IV 219 with emission and absorption features that are red-and blue-shifted by velocities of ∼500 km s −1 from 220 the systemic velocity. Setal18 conclude, from these (and previous) observations that material from 221 the primary star is gravitationally captured by a low-mass main-sequence companion, producing a 222 hot accretion disk around the latter. The disk latter powers a fast outflow that produces blue-shifted 223 features due to absorption of UV continuum emitted by the disk, whereas the red-shifted emission with that of the companion or the primary star ([10] and referenced in the figure caption (E. Blackman, priv. comm.) , so the expected BHL accretion rate 256 could be quite high in IRAS16342.
257
The BHL rate estimate is valid only if the orbital separation is much larger than the Roche-lobe IRAS16342 from Setal17. We conclude that the HVO in IRAS16342 is not driven by accretion via BHL,
266
but requires wind-RLOF or modes that provide higher accretion rates.
267
The Boomerang's central region has an overall bipolar structure; in detail this structure is 268 comprised of multiple, highly collimated lobes on each side of the central disk, both in scattered light 269 and in 13 CO J=3-2 emission. The velocity of the molecular material in the dense walls of the collimated 270 lobes is not particularly high, and we expect it is likely to be substantially lower than the velocity of 271 the unshocked jet-outflow that has carved out these lobes, since the jet outflow has interacted with a 
Concluding Remarks
278
We discuss observational results that address several key aspects in our quest to understand 
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